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 In current conditions it becomes necessary to develop guidelines for 
development of the national innovation systems and assessing their role in 
sustainable national socio-economic development. In the conditions 
innovation development strategies should be focused on ensuring the 
competitiveness of economic entities, which can be done through innovation 
networks. The study enhances academic understanding of the factors of 
innovation transformation based on innovation networks, designed to ensure 
the involvement of large number of agents to contribute to the implementation 
of structural changes. In this paper authors analyze the main indicators of 
innovation networks impact and investigate the main aspects of innovation 
networks effects simulation. The hypothesis of the study deals with the 
assumption that the innovation development of the economic system at the 
present stage, in addition to stimulating the innovative activity of existing 
entities, deals with the formation of network structures. This research 
addresses the indicators for networks modeling by developing and testing a 
series of points indicating how networks affect economic growth. The 
foregoing discussion has attempted to innovation networks innovation 
potential assessing methodology based on indicators of the quantitative 
composition and dynamics of innovation potential to substantiate the viability 
of this organizational form in developing sectoral policies and technological 
priorities has been developed. The developed economic and mathematical 
model of innovation management network leads us to the conclusion that 
allows predict changes and form a targeted impact on factors when creating 
new intersectoral structures in order to increase the volume of innovation 
products. 
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1. Introduction 
The transfer of competition into the high-tech sphere predetermines a significant expansion of innovation 
factor in economic system through involvement of number of new participants. New mechanisms for 
expanding the space of innovation development are based on the creation of innovation networks. Therefore 
the significance of current research consists in expanding scientific understanding of transformation processes 
taking place in economic system, which determine the need to stimulate innovation activity and the formation 
of new intersectoral structures and infrastructure facilities [24]. What we usually have in mind when we talk 
about network effect or network externality is the name that the user of a product or service provides for the 
value of this product or service for other users. Several explanations of network effect and its simulation have 
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been offered. 
For modern innovation networks we can consider simulation of the tools which enable networks members to 
improve the innovation capabilities and knowledge exchange [8]. Research of innovation systems also has 
shown that corporative innovation processes are strongly interrelated with innovation activities in other 
organizations and firms [12]. This research [16] suggests that the collaboration level with different partners 
enhances innovation capabilities when the firm's managers have strong capacity of scanning and acquiring of 
external knowledge. Analysis, given in [5], shows that different types of innovations were positively affected 
by cooperation.  
The paper [15] highlights empirical estimated innovation networks effects on innovation performance in 
French innovative service firms. Study [3] draws a large-scale study of 100 engineering firms, which are 
involved to different innovation networks. The hypotheses of study were tested with PLS structural equations 
modeling. 
As a criteria of innovative development in modern conditions we can consider not so much the growth of 
activity in the field of innovation activity of economic entities in existing industries, but the development of 
technological areas that form the core of new technological order, based on the formation of new industries 
and inter-sectoral structures [14]. As a result, a truly innovation economy should be characterized by a set of 
transformation processes that arise as a result of the spread of new technologies in traditional areas of society, 
and the formation of new intersectoral structures, contributing to the transformation of the institutional 
components of the economic system and its transition to a new innovation level. In this regard study [30] 
presents model, which is based on the evolutionary mechanism and allows to estimate the response rate. 
Study [25] has indicated that not all innovation networks dynamics factors are country specific. This allows 
considering the main issues of innovation network science, which is a tool to consider systems as a complex 
networks by mathematical abstraction for simulation of various innovation phenomena [29]. Study [23] 
presented a model with a group factors necessary for innovation networks managing (effectiveness, power, 
communication and R&D efficiencies, harmony, coordination, trust). Some of these arguments have been 
formalized by [22] in simulation model, which helps to understand of innovation network nature with an 
interactions in knowledge creation and network cluster trajectories. Such trajectories make possible 
considering coordination game between firms in innovation network [36]. The evidence from given studies 
suggests variety of factors related to innovation networks simulation. These explanations are complementing 
each other and help to illuminate the phenomenon of innovation networks effects. 
In this paper we shall analyze the main indicators of innovation networks development impact and investigate 
the main aspects of modeling of innovation networks effects. To answer this question, we`ll take a closer look 
at such points: 
– to form of theoretical approaches to study the processes of innovation development of economic systems 
and the mechanisms of their transformation; 
– to identify the features and tools of innovative transformation of economic systems through the network 
structures formation; 
– to develop a methodology for assessing the development of key areas of network structure formation using 
the methods of economic and mathematical modeling and analysis of statistical indicators; 
– to develop the mathematical model for managing the innovative development of economic systems within 
the framework of the formation of network structures based on the significant indicators; 
– to form a model for managing of the technology transfer network. 
The hypothesis of the study deals with the assumption that the innovation development of the economic 
system at the present stage, in addition to stimulating the innovative activity of existing entities, deals with the 
formation of network structures. This research addresses the indicators for networks modeling by developing 
and testing a series of points indicating how networks affect economic growth. 
 
2. Material and methods 
In our previous studies [19; 20-21] we have shown that innovation networks simulation allows to experiment 
with approaches to financing, managing, creating network structures, and selecting and structuring services as 
part of the implementation of state innovation strategies and private-public partnership projects. 
The following methods can be used for determination the strategic role and effects of innovation networks 
based on network simulation: 
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– adapted methods of decision-making based on the performance indicators optimization; 
– comparative analytics methodology and system-evolutionary approach for studying the innovation networks 
role in different periods in terms of groups of countries; 
– technological analysis methods for determining technological dynamics and technological trajectory of 
innovation networks technologies in different dimensions; 
– methods of innovation networks strategic and inter-industry high-tech complexes development analysis; 
– methods of finding innovative trajectories of innovation networks development and innovation development 
policy analysis methods.  
From the whole variety we can identify three main approaches that define the purpose of innovation networks 
simulation: 
1. Commercialization of technology projects to obtain short-term returns (for example, by creating a new 
company and transferring to it a part of the assets, the so-called “spin-off”). In this case, all the variety of 
investment analysis is used. 
2. Building local innovation systems (ecosystems) to obtain financial returns in the medium and long term (for 
example, creating connections in the business community). 
3. Development of the market of innovative services through building up entrepreneurial potential, 
transparency and efficiency of the market of service providers and raising the awareness of representatives of 
small and medium-sized businesses. 
There are a number of evaluation methods related to actual network mechanisms. For example, the 
participation of organizations in joint projects for the implementation of research and development, in the total 
number is reflected through the Index of participation of organizations in joint projects. At the macro level, 
there are also a number of international assessments of network readiness and country involvement. Selected 
network indicators were included to Global Innovation Index study methodology [4]. According to Global 
Innovation Index 2018 report the technological cooperation and innovation networks as a tool of such 
cooperation are considered as an important elements of modern innovation ecosystems. 
Currently, the scientific literature indicates a number of methods in assessing the socio-economic effects of 
innovation networks. 
One of the most common ways is an autonomous study of various statistical indicators that quantitatively 
reflect certain parameters of socio-economic system [2; 27] and changes as a outcome of the functioning 
(creation) of an innovation network (most often a cluster). This line of research can be used to develop a 
system of indicators for estimation of the quality (dynamics) of network interaction in the innovation system. 
For the analysis of spatial-network interaction of the subjects of innovation system and the development of 
effective policy in its stimulation, a method, that allows obtaining information about the specific level of such 
interaction, is needed. This technique can be built on an integral approach and includes the definition of a 
special integral index that combines the main, most significant components, reflecting various aspects of 
interaction between the agents of the innovation system. 
Currently, more and more experts confirm the need for a combination of sociological and economic 
approaches in the analysis of network relations. 
In the paper [13] theories of complex adaptive systems based on the multi-agent modeling and adaptive 
intelligent agents, smart simulation, statistical methods, expert systems, analytical hierarchy of processes 
simulation, hybrid decisions support approach. In given study these methods are integrated for innovation 
network analysis problem. Also it can support the evolutionary process of decisions making within the 
simultaneously open and dynamic environment of innovation activity. 
Table 1 illustrates the main approaches for networks analytics, based on [26], and we have shown the basic 
models, which can realize the given approaches in practice. For various purposes the combination of methods 
of different approaches should be used. 
These approaches are based on the following prerequisites for the formalization of innovation networks 
effects: 
- network paradigm of innovation process organization involves parallel actions, such as C-technology, and 
the creation of cross-functional teams, which requires capacity estimations; 
- previous point causes presence of control points for decision-making and a tree structures; 
- innovation networks allow using existing resources in alternative ways, since the innovation processes can 
be considered as a process of transforming the inputs (innovation development resources) into outputs 
(products, technologies, etc.); 
- in the conditions of costs increasing at each subsequent stage of innovation process, the problems of finding 
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promising ideas (both innovation ideas and organizational configurations), their proper evaluation and 
effective implementation within network coordination. 
It should also be noted that the presented models are common and characteristic of economies at different 
stages of technological development. 
In the construction of integral estimations various methods are used. One option is to form an integral 
indicator based on broader system of indicators, from which several primary indicators are selected. This 
method allows considering the various aspects of network interactions in the innovation system. 
 
Table 1. Approaches and models of innovation networks analysis  
Approach  Main idea Possibilities of application Basic models 
1. Structural 
approach 
It focuses on the geometric shape of 
the network and the intensity of 
interaction. Special attention is paid 
here to the mutual location of 
agents in the network and their 
impact on the activities of other 
agents and the nature of the 
linkages between them 
 
Approach allows 
considering the network in 
the system of strong and 
weak linkages and their 
impact on the selection of 
certain partners for the 
network 
Simulation models, agent 
modeling, optimization 
models 
2. Resource 
approach 
It considers the possibilities of 
agents to attract individual and 
network resources and differentiates 
agents located in identical structural 
positions of the network according 
to their resources. 
 
Evaluation of possible 
interactions based on 
diagnosing the innovation 
potential of agents in 
network 
Simulation models, agent-
based modeling, 
optimization models, 
transaction cost estimation 
models 
3. Regulatory 
approach 
It studies the level of trust between 
the subjects of interaction, as well 
as the norms, rules and sanctions 
that affect their behavior in the 
network and the processes of 
interaction. In this case, the roles in 
which actors act in specific 
relationships are analyzed. The 
combination of individual and 
network resources with the rules 
and regulations in force in this 
social network forms its “network 
capital” 
 
Approach allows 
exploring the company 
from the standpoint of the 
roles of the client supplier 
at various stages of the 
innovation process. 
Determines which norms 
and rules of relations 
should exist between 
subjects at a particular 
stage 
Game methods, 
knowledge assessment 
models, interaction 
potential models, 
transaction cost 
assessment models 
4. Dynamic 
approach 
Focuses on changes in the network 
structure over time. In the 
framework of this approach, the 
following research problems are 
identified: the causes of the 
formation of the network, the 
change in the network s under 
external influences 
Approach allows 
considering the changes in 
the network of 
relationships and in the 
activities of individual 
agents after the 
implementation of 
individual projects 
Intellectual multi-agent 
systems, evolutionary 
modeling, neural 
networks, models of 
variant states 
5. Technological 
approach 
Includes technology dynamics 
analytics and agent modeling 
Analytical support of 
innovation systems, 
forecasting, technologies 
monitoring, development 
of roadmaps of 
technologies and products 
Models of technological 
dynamics, foresight 
models, evaluation of 
strategies and portfolios 
of innovative projects 
 
However, in this study, we propose to consider a number of particular indicators and approaches to assessing 
the various effects of the innovation network. 
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3. Theory 
For the evaluation of network interaction level in the innovation system within the framework of individual 
indicators we need to solve the following tasks: 
– to determinate the real level of interaction between the subjects of the innovation system in the form of a 
specific numerical result, which will allow to compare with each other various variants of the innovation 
network; 
– to analyze the dynamics of the development of the innovation system at a certain level for a certain period, 
i.e. the possibility of comparing different values of the level of interaction of network entities (sector, region, 
country, international project, etc.), but in different periods; 
– to compile data-based typologies of innovation networks (scientific, technology transfer, production) in a 
scientific and practical study to improve the interaction in the innovation system; 
– to compare the effectiveness of various measures of innovation policy (both intra-and inter-sectoral level), 
carried out in order to stimulate the development of interactions in the innovation system. 
The first aspect of assessing the level of network interaction in the innovation system is associated with a 
quantitative & effective analysis. 
The network effect is a phenomenon of consumer value growth of a network as the number of nodes of this 
network grows. According to Metcalf Law, the network value grows in proportion to the square of the number 
of its users. Therefore we can consider increasing the importance (number and strength of effects) of network 
as the number of users and the number of connections between users increases. According to this definition, 
we can consider the relationship of both the socio-economic value of network and its innovative effects. 
There are a number of effects known in economics that have a similar network nature: 
1. The effect of scale: reducing the cost per unit of production in the distribution of fixed costs for a larger 
number of manufactured products.  
2. Learning curve reflects the increase in performance when performing tasks as experience accumulates, 
which is a manifestation of the positive effect of improving the efficiency of operations due to the 
accumulation of information in the form of knowledge and the development of certain skills within the 
company structure. 
3. An increase of transactions frequency [31] also leads to increasing the system efficiency due to 
specialization in certain operations. 
The first aspect is related to the evaluation of quantitative indicators. Two brief examples might clarify this 
concept. The first example of such analysis can be found in project «Network Analysis and Simulation of 
Innovation Dynamics for new Key Technologies in the Energy Sector (InnoSEn)» («Development of tools for 
the analysis of innovation networks» subproject). This project includes knowledge dynamics analysis in 
networks based on key technologies implementing processes in energy transitions. Fig. 1 illustrates the 
example of innovation network analytics of joint battery research projects in Germany.  
Such approach allows analyzing the structure of innovation network linkages and the innovation capacity of 
innovation network participants. 
Therefore we can note that the technological trajectory analysis helps to consider interfirm innovation 
linkages as a technology transfer function in the framework of innovation networks. Analytics in this area can 
be done by application of geospatial visualizations, scientometrics and technology space mapping [1; 6; 9], 
reflecting the distribution of elements of the innovation network in geographic space. The application of 
geoinformation systems and geospatial analysis for the innovation analytics is at an initial stage. 
This quantitate aspect can be considered on Apple inventors network example. In 2007–2008 it has included 
184 inventors and during 2009–2010 has grew to 617 and in 2011–2012 has eventually included 1167 
inventors (Fig. 2). The connectivity in Apple’s inventors has significantly increased in 2011–2012 and over 
82% of all collaboration activities were done within the largest component in company’s inventor network.  
Methods of visual representation of information about innovation processes allow of initial hypotheses about 
the regularities that necessarily require confirmation in the framework of further analytical studies based on 
the methods of quantitative analysis. Understanding general trends can help reveal the reasons of these trends. 
The paper [5] investigates Denmark’s Innovation Network initiative and outlines that innovation network 
participation increases the labor productivity and total factor productivity by 7 and 13% respectively after 4 
years. Additionally, innovation network participants program are about 5% more likely to participate in 
innovation programs. These facts can explain the mechanism by which innovation network facilitates the 
productivity growth. 
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Figure 1. Funds recipients in joint battery research projects network (Germany) 
(Notes: research institutions and universities are coloured with green,  
industrial enterprises are coloured with pink and service providers are coloured with blue) 
 
 
Figure 2. Evolution of Apple’s inventor network  
 
To obtain a more accurate assessment of innovation networks impact and to determine the results of the 
impact of large projects on macroeconomic indicators, a model complex can be used, which includes the 
following components [17]: 
– two-period inter-sectoral optimization interregional model in two versions: the original model without the 
project and the modified model with the project; 
– multi-period simulation model of the project, including the financial model and the economic model. 
 
4. Results 
In our opinion, processes in the innovation network can also be presented on the basis of the technology 
transfer criterion [18] as a set of flows (technological, financial, staff, information, material). In the course of 
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the movement in the network from the stage of the idea of a new technology to the stage of implementation in 
the market of products produced by this technology, the size and intensity of these flows increase. Technology 
transfer framework includes different interacting entities and could be considered as an inter-organizational 
innovation network [8]. In addition, during the technology transfer in the network there are replacements of 
performers (network participants) that orient these flows (fundamental and applied science, research 
production and adaptation of technology, industrial production). In addition to the complete changes in the 
participants in technology life cycle, there is also a gradual change of performers, for example, the functional 
developers are added to the original developers. 
Mathematically, the number of participants in the technology transfer innovation network should be written in 
the form of a logistic differential model (1): 
 
dy/dt = p y N
–1
 (N-y) – (t)y,      (1) 
 
where y = y(t) – the number of participants in the technology transfer network at the time t;  N – potential 
number of technology recipients; p (p>0) – coefficient of growth of number of participants in transfer 
network; (t) – coefficient of technology rejection by the participants in the transfer network. 
Network innovation effects achieve a higher degree of efficiency due to the speed and timeliness of movement 
of information about technological features. Also, individual adaptation is highly pronounced in networks, due 
to which the networks significantly increase the internal labor productivity and the efficiency of attracting and 
using innovations. 
To evaluate the impact of the network factor, consider the innovation progress models (Table 2). It is worth 
noting that the evaluation of the potential of the innovation network, in particular its cross-sectoral aspect and 
some applied tasks [32 - 37], is not considered sufficiently in them. 
 
Table 2. Network impact in innovation progress models  
Model Function Variables Main idea 
Model of 
growing variety 
of goods 
  










 
1
0
LdixAY
tm
i
t
, 
10   
i
tx  – costs of 
intermediate 
product і at time t; 
mt, – number of 
necessary 
intermediate 
products (network 
participants) for 
production at the 
time t; 
А – technology 
level; 
p – real price of 
intermediate 
product; 
w – real wage 
rate; 
ti  – quality level 
of good і in 
moment t. 
The model is suitable for describing 
developed economies that export their 
products. The model can also be used to 
evaluate the potential of different 
network configurations 
Model of 
quality steps 
  

 








 
1
1
0
1 LdixAY itti
 
 
The rates of economic growth is equal to 
the growth of product quality and 
coincide with the growth rates of output 
in the model of growing diversity of 
goods. Networks help to reduce time 
costs for goods diversity growing  
Model of 
technology 
borrowing  
  










 
1
0
LdixAY
mt
i
t
 
Optimization task: 
 
max
0
1
0













wLdixp
LdixA
t
t
m
i
m
i
t


 
In the model the mastering of new 
technology takes time.  
Companies in the network are learning 
the best use of technology.  
 
The standard model suggests, that innovation network are based on resources of its individual participants 
(agents). Therefore each element of innovation network can characterized by a set of characteristics: structure 
Pi; set of different categories of information features Ki, degree of change their set with different types of 
interaction elements and infrastructure (Ii) internal environment (Si) of  individual participant (agent) αi. 
Structure Pi can be presented as (2): 
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Pi = {D, N, V, S, T, U , M, F},     (2) 
 
where D is the profile of the organization's activities (business area); N – the set of technological directions of 
activity; V – plurality of activities; S – structure of information support; T –  set of thematic directions; U –  
set of participants; M – set of target markets; F – the set of financial provision (financial model).  
Accordingly, you can formulate the criteria for participation in the network. Accordingly, the total effect can 
be calculated by the formula (3): 
 
)))()((()))()(((ESum 
1 1 11 1 1
llkij
N
i
kij
M
j
K
k
lll
L
l
ij
N
i
ij
M
j
l TТrIEIEEETТrISISE     
     ,  (3) 
 
where Sum E – total effect of integration in the innovation network; El – effect of participation in the network 
l; Trl – transaction costs of the institute of administrative barriers; Tl – transformation costs of the industry 
(sectors) in which they operate IEkij. 
By further empirically examining these models, we hope to produce a more complete understanding of 
network structures in different sectors. 
 
5. Conclusions 
In modern conditions, it becomes necessary to develop guidelines for development the national innovation 
systems and assessing their role in the implementation of innovation policy and ensuring sustainable national 
socio-economic development. In the conditions of transition to a new technological order, innovation 
development strategies should be focused on ensuring the competitiveness of economic entities, which can be 
done through innovation networks. We feel that our study enhances academic understanding of the factors of 
innovation transformation of economic system based on the formation and distribution of innovation networks 
corresponding to the promising trends of modern scientific and technological development, designed to ensure 
the involvement of a large number of innovation system agents that contribute to the implementation of 
structural changes. 
The foregoing discussion has attempted to analysis of characteristics of innovation networks, a methodology 
for assessing the innovation potential of innovation networks in the economic system based on indicators of 
the quantitative composition (dynamics) and dynamics of innovation potential to substantiate the viability of 
this organizational form in developing sectoral policies and highlighting technological priorities has been 
developed. The developed economic and mathematical model of management of innovation network leads us 
to the conclusion that allows predict changes and form a targeted impact on factors when creating new 
intersectoral structures in order to increase the volume of innovation products. 
Our study serves as a window to an understanding of the process in technology transfer network, model of 
which was designed to unite the totality of functioning core enterprises, a number of scientific and educational 
institutions, as well as infrastructure to achieve a synergistic effect throughout the value chain of innovation 
products. Clearly some of given propositions we have offered are not entirely unique but the paper contains 
clarifications and additions to theoretical aspects in the field of innovation networks management and systems 
analysis to the development of economy, etc. However, we submit that the contribution of our paper rests on 
applying the developed methodology for assessing the potential for the development of innovation networks 
in the formation of strategic plans for economic system development and the selection of models for the 
implementation policy of innovation priorities. In addition, the economic and mathematical models and 
collected base for evaluating innovative networks can be used in managing the innovation development of the 
economy. 
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